offer recommendations for strategies that intervene in the cycle of dengue transmission.
Dengue Fever and Secondary Infections
Dengue fever is caused by an infection with one of four dengue virus serotypes. Having been infected with one of these serotypes, an individual typically develops an immunity to that serotype. Sub sequent infection with one of the other three related serotypes, however, can lead to more severe forms of the disease, DHF or den gue shock syndrome (DSS) (Jacobs et al. 1991, p. 828) . It is believed that repetitive infection with another virus serotype causes the im mune system to enhance replication of the virus, a phenomenon known as antibody-dependent enhancement, or ADE. It is hypothesized that ADE is responsible for the severe manifestations of the disease, in cluding DHF and DSS (Mady 1991, p. 3139) .
Dengue infection initially results in a relatively mild illness. Symp toms include fever, rash, chills, headache, anorexia, nausea, vomiting, and severe joint and muscle pain (the latter being associated with dengue's alias, "breakbone fever"). The disease, although extremely p ain fu l for the victim , is se lf-lim itin g and rarely req u ires hospitalization.
The symptoms of more severe manifestations of the disease such as DHF and DSS include bleeding gums, gastrointestinal bleeding, abdominal pain, and high fever, and can result in shock and death. In fact, DHF and DSS are important causes of morbidity and mortality in children living in some parts of the tropical world (CDC 1988 (CDC , p. 1781 . Treatment for DHF and DSS frequently requires urgent rehy dration therapy and hospitalization (Lange et al. 1992 (Lange et al. , p. 1161 .
Implications of Aedes Albopictus
There are three reasons for concern over the introduction of A. albopictus into the U.S., and each one has potential public health implications. First, the addition of another vector that transmits den gue may increase the efficiency of virus maintenance, therefore increasing the likelihood that people will become infected (CDC 1988 (CDC , p. 1781 . If an outbreak were to occur, the incidence of the disease would be much greater with another species to harbor and transmit the virus.
A second reason for concern also has to do with the efficacy of A. albopictus. This species can survive in cooler climates for longer periods of time. Its habitat, therefore, is not limited to places that remain warm year-round, thus increasing the risk of infection to more people.
Thirdly, the dengue virus is capable of surviving in the eggs of A. albopictus through the colder winter months experienced by mid latitude regions. Dengue transmission would not necessarily be interrupted by a seasonal decrease in air temperature, but rather would develop into a perennial state. This latter concern increases the po tential for dengue to become endemic in the United States.
Vector Ecology and Dengue Fever
Vector ecology is an important consideration in determining the potential threat that dengue poses to public health in the United States. The two mosquito vectors serve as the immediate host for the den gue virus; therefore, environmental factors that affect the host also affect the pathogen. Understanding the relationship between the mosquitoes and their physical and human-created cultural environ ment is essential to identifying effective means of intervening in the cycle of dengue transmission.
Dengue fever's primary vector, A. aegypti, introduced to North America during the period of exploration and discovery of the Ameri cas, requires a warmer climate to remain vital and is restricted to the southern regions; it is rarely found north of the 42nd parallel in the eastern states (Christophers 1960, p. 40) . It is now mostly confined to the southern and southeastern states, including Texas, Louisiana, Georgia, Florida, and the Carolinas. The moist, warm climate in these states enables A. aegypti to remain vital and potentially facilitate the disease transmission process. Perennial establishment of A. aegypti in the southern portions of Texas and Florida is documented (CDC 1992, p. 732) .
Over-wintering has proven to be a distinguishing factor between tropical and temperate strains of the more recent U.S. vector, A. albopictus. Temperate strains are known to be photoperiodic: the eggs hatch when exposed to long days (summer) and go into dia pause-an inactive state that delays hatching until spring-when exposed to shorter days (fall and winter) (Hawley 1991, p. 57) . The eggs of tropical strains are not affected by the day's length, however, and hatch whether exposed to long or short days. They would not be able to survive the winters of the mid-latitudes. It must be assumed, therefore, that the strains found in the U.S. originated from the temper ate zone of Asia rather than tropical regions of Southeast Asia, the Caribbean, or Mexico (Hawley 1991, p. 55 ).
An important distinction between the two vector species is re lated to the survivability of the dengue virus through the winter months. If the eggs of A. albopictus are infected transovarially (from an infected female to her offspring), the virus can survive in the eggs through the winter. The newly hatched larvae and later mosquitoes, therefore, are already infected with the virus and do not need a fresh blood meal to become infected.
The implications of this deviation are far reaching. Usually, den gue cannot become endemic if A. aegypti is the sole vector in a region that experiences a large seasonal variation in temperature because dengue virus in infected mosquito eggs of this species is incapable of surviving through the colder months. The dengue cycle is interrupted in winter, and endemic dengue cannot develop. Conversely, owing to the ability of dengue virus to survive in the eggs of A. albopictus during the colder months, the likelihood of endemicity increases when this latter species enters the dengue cycle in the U.S.
International Trade and the Spread of Dengue
Knowing the origin of the mosquito vector can help identify pat terns of introduction into the United States. It is known that A. albopictus arrived in Houston in old tires imported from Japan. Re treading and recycling used tires is unpopular in Japan; therefore, Japan exports roughly one million tires a year to the United States (Craven et al. 1988, p. 79) . These tires, together with a quarter-billion tires the U.S. discards annually (Baumgartner 1988, p. 500) , accu mulate on the U.S. mainland while tire recycling programs slowly develop. Mosquitoes have ample opportunity to lay eggs in water that collects in tires.
Controlling the proliferation of mosquito populations in discarded tires is difficult because it is illegal to dispose of tires in some U.S. landfills. Disposal of used tires on service station lots and in fields and private backyards, however, is common, due to the lack of tire recycling alternatives. This practice remains a significant environ mental and public health concern for surrounding neighborhoods.
International trade has proven to be an effective mechanism for the diffusion of dengue. Artificial breeding grounds are transported across oceans by ship and further spread around a country by truck. In this example, the vector mosquito and potentially the dengue virus crossed geographic boundaries and became established in a region thousands of miles from its origin.
Forecasting Dengue in the United States
The mosquitoes serve only as a potential threat if they have been infected with the dengue virus, which is accom plished either transovarially (CDC 1987a, p. 166) or by taking a blood meal from an infected individual. Humans, once infected with the dengue virus, remain viremic for approximately one to three days. The vector must take a blood meal within this three-day period to become infected and transmit dengue to other susceptible individuals. If no contact between an infected individual and a vector transpires, the virus cannot be transmitted. To consider imported cases of dengue a significant public health concern in the United States, therefore, a particular re gion must also be infested with A. aegypti or A. albopictus or both.
The establishment of A. albopictus and A. aegypti in the southern and southeastern U.S. and A. albopictus in the northern states east of Kansas is well documented. The intensity of infestation of both vec tor species makes dengue fever outbreaks a considerable public health concern for these areas should circulation of the virus become established.
Dengue fever, mostly confined to tropical regions, would require a transmission link to the United States for the disease to be consid ered a threat to vector-infested areas. The increase in tourism and immigration to the U.S. from the tropics provides this link between dengue-endemic regions and previously unaffected regions. While traveling in a region where the dengue virus is well established, a tourist may get bitten by a virus-infected mosquito. If the individual returns home during the infective period, and a mosquito vector takes a blood meal from the viremic individual, dengue will have been effectively incubated and imported into the U.S.
The mobility of the dengue virus via immigration is similar to that of tourism, but on a larger scale. Substantial populations are migrating from regions where dengue is endemic. It is possible that many individuals have been infected with dengue. If they immigrate to the U.S. during their infective period, they are likely to spread dengue, aided by either vector, to susceptible individuals. Imported dengue via tourism or immigration is worthy of public health study especially if the recipient region is infested with one or both vectors. Some regions in the U.S. support both vectoral popula tions and a substantial human host population, so the pattern of dengue outbreaks may follow that of tropical regions.
The Spillover Effect of Dengue
The proximity of the United States to dengue-infested regions such as the Caribbean and Mexico imposes a higher degree of risk for states close to these regions. According to the CDC, the annual number of reported and confirmed cases of dengue imported to the U.S. corresponds to the amount of dengue activity in the tropics, particularly the Caribbean and Mexico (CDC 1987c (CDC , p. 1712 . It is necessary, therefore, to consider transmission rates in neighboring regions, to accurately assess the potential risk of transmission in the U.S.
Dengue outbreaks have been on the rise in tropical regions since 1986. Latin America reported a larger number of dengue cases in 1986 than any other year on record, both the classic type and the killer DHF (CDC 1988 (CDC , p. 1782 . Waves of epidemics hit these re gions in 1989 and 1990, with an increase in the number of infections and deaths associated with DHF/DSS. This profile illustrates how dengue can evolve in a region from a low-impact, mild illness to a deadly, formidable disease that covers a wider geographic area.
The experience of the people and health services of the United States with dengue, fortunately, has been limited. The number of laboratory-confirmed cases reported is small. Both imported cases and cases of indigenous transmission, however, are rising and are likely to continue to do so:67 imported cases were reported to the CDC in 1984, 94 cases were reported in 1989 (CDC 1989, p. 741) , and 102 cases in 1990 (CDC 1991, p. 519) . Indigenous transmission of dengue fever was documented for the first time in the continental United States in 1922, when individuals became infected after no previous travel outside the U.S. More than half a million cases of dengue were estimated in Texas during the 1922 outbreak (Hafkin et al., 1982 (Hafkin et al., , p. 1222 . Two more episodes of indigenous transmission of the disease occurred in Texas in 1981 and 1986, when 27 and 9 laboratory-confirmed cases were reported (CDC 1987c (CDC , p. 1712 . Continued infestation of A. albopictus and A. aegypti, an increase in the number of imported cases, and the continuous movement of people to and from dengue-infested regions raise concern for the risk of indigenous dengue transmission.
The Need for Surveillance in the U.S. The threat of dengue fever epidemics in the United States is thus imminent due to the following factors: (1) established populations of dengue's vector species, A. aegypti and A. albopictus, and continual infestation due to international trade in used tires; (2) the recent rise in reported cases of imported dengue is likely to continue due to increases in tourism; (3) proximity to Latin America, where dengue is endemic and continuous and simultaneous circulation of multiple virus serotypes exists (CDC 1987c (CDC , p. 1712 ; and (4) the mass exo dus of potentially virus-infected individuals from dengue-endemic areas.
The southern and southeastern states are at specially high risk for dengue outbreaks due to the elevated intensity of vector infestation and mounting danger of virus circulation. It is critical, therefore, for health officials in these potential dengue "hot spots" to focus on pro grams that reduce vector populations, to maximize public health education, and to monitor dengue transmission rates in bordering regions.
Adequate surveillance of dengue fever requires the involvement of the medical community and the public. The CDC has been col laborating since 1987 with state health departments to improve surveillance and increase the public's awareness of dengue fever (CDC 1987c (CDC , p. 1713 . The CDC recommends individuals who may have acquired the infection to report it to health authorities. Physi cians with patients suspected of being infected with dengue virus should report detailed travel histories and other epidemiological in formation to the state health department. This system provides information about the origin of infection and the rate of dengue trans mission within the United States. The information can be used to observe patterns of introduction and diffusion associated with the disease and to make intelligent decisions concerning the develop ment of effective intervention strategies.
Surveillance alone will not mitigate the hazard of dengue trans mission in the United States. A monitoring system should also be considered to provide timely and accurate information on the emer gence of the dengue virus, including detection of its arrival and tracking of its diffusion.
The best defense against a virus is a vaccine. However, a vaccine for dengue fever has not yet been developed due to the challenge in developing one vaccine against all four serotypes. The best interven tion strategy for minimizing transmission rates, therefore, is one that targets the vector population to sever its link to the disease cycle. Simple measures such as eliminating potential mosquito breeding sites (e.g., in old tires, and small containers where water collects) can prevent further infestation. To guard against infection, personal strategies such as the use of repellents, netting, and protective cloth ing are often recommended as the best methods of prevention.
Large-scale vector-control programs such as keeping both natu ral and artificial landscapes well drained in mosquito-infested areas can drastically reduce breeding sites. Ultra-low volume applications of insecticide usually result in satisfactory levels of vector control in emergency situations (Gratz 1991, p. 353) , though in some regions this method only delays the peak of the epidemic and has little im pact upon disease incidence (Newton and Reiter 1992, p. 709) .
Note
This paper served as a model for further research on dengue fever. The resultant work was my thesis by the same name. Copies of the thesis are available in the library and Geography and Environmental Studies Department at California State University, Hayward.
